We evaluated the effect of potential clinical factors on surgical recurrence of ileal Crohn's disease after initial ileocolic resection.
RESULTS:
In our final Cox model, a family history of inflammatory bowel disease (hazard ratio 2.24, 95 percent confidence interval 1. .30, P=0.016), smoking at time of initial ileocolic resection (hazard ratio 2.08, 95 percent confidence interval 1.11-3.91, P=0.023) was associated with an increased risk of a second ileocolic resection while postoperative prescription of immunomodulators (hazard ratio 0.40, 95 percent confidence interval 0.18-0.88, P= 0.022) was associated with a decreased risk of a second ileocolic resection.
CONCLUSIONS: Both a family history of inflammatory bowel disease and smoking at the time of the initial ileocolic resection are associated with an increased risk of a second ileocolic resection. Postoperative prescription of immunomodulators is associated with a reduced risk of surgical recurrence. This study supports the concept that both genetic and environmental factors influence the risk of surgical recurrence of ileal Crohn's disease.
INTRODUCTION
Crohn's disease (CD) is a chronic inflammatory bowel disease (IBD) that affects any part of the gastrointestinal tract and frequently affects the terminal ileum. Although many patients are initially treated medically, approximately 80 percent of patients with ileal CD will eventually undergo resection of diseased bowel. 1, 2 Operative indications include failed medical therapy, perforation, obstruction, hemorrhage, and neoplasia. 3 Unfortunately, surgery is rarely curative. Endoscopic evidence of recurrent disease in the neoterminal ileum is often observed within months after resection. 4 In a population-based study of 908 patients that underwent surgery for ileocecal disease, 43 percent report symptoms consistent with clinical relapse after a median of 6.8 years. 2 The cumulative risk of surgical recurrence in 146 patients who underwent surgery for ileocolic disease at the Cleveland Clinic is 50 percent after 14 years. 5 Multiple resections of diseased bowel may lead to the development of short bowel syndrome.
The aim of this largely retrospective study is to identify clinical variables that influence the risk of postoperative recurrence of ileal CD. Identifying clinical variables associated with increased risk of postoperative recurrence has clinical implications with respect to optimizing CD therapy for each individual. For example, a patient found to be at extremely high risk for early recurrence may be considered for more potent or experimental chemoprophylaxis agents (e.g., infliximab) where the risk:benefit ratio might be otherwise deemed too high. In addition, some risk factors may be directly amenable to modification (i.e., smoking).
CD is a heterogeneous disease with multiple phenotypic classifications. In this study we have adopted the Montreal classification of CD, in order to determine whether classification by age of diagnosis, disease location or disease behavior influences the risk of postoperative recurrence. 6 Host genetic factors and environmental factors have been implicated in the pathogenesis of CD. [7] [8] [9] [10] Cigarette smoking is the best described of the environmental factors. A number of studies have shown that smoking increases the risk of recurrent CD. [11] [12] [13] [14] [15] [16] We therefore examined the association of a family history of IBD and smoking habits with the risk of surgical recurrence. Finally, changes in surgical and postoperative medical management have occurred over the past two decades that could potentially impact the time to surgical recurrence of ileal CD. These include the introduction of laparoscopic surgery, 17, 18 and the use of 5aminosalicylic acid (5-ASA) compounds, immunomodulators (purine analogs and methotrexate), and/or biologics directed against tumor necrosis factor α (anti-TNFα) during the postoperative period. [19] [20] [21] We consequently also included the surgical approach and postoperative prescription of medications as potentially important clinical variables.
METHODS

Patients
This study was approved by the Washington University in St. Louis Human Research Protection Office. One hundred seventy-six adult CD patients who had undergone an ICR with anastomosis were identified from the Washington University Digestive Diseases Research Core Center (DDRCC) Clinical Database. This database includes 654 CD patients that were recruited in a consecutive fashion during inpatient and outpatient visits to physicians within the Section of Colon and Rectal Surgery and the Division of Gastroenterology at the Washington University Medical Center (WUMC) between April 1, 2005, and October 30, 2007. Patients that were unwilling or unable to give informed consent were excluded from the Washington University DDRCC Clinical Database. The medical charts of all patients in the database that reported undergoing an ICR were reviewed and the history of previous ICR was confirmed by review of the original recordsparticularly the pathology and operative report. Permission was prospectively obtained from each patient enrolled in the database by the Washington University DDRCC Clinical Component to obtain records of previous surgeries if these records were not included in their medical record. Patients for whom we were unable to obtain the original records documenting the initial ICR and patients that underwent an ileostomy were excluded from the study. The patients included in the database have been followed longitudinally on a yearly basis by reviewing their medical records and by directly contacting the patients.
Clinical Variables
Gender and race were recorded as reported by the patients. The Montreal classification 6 was used to phenotype the patients ( Table 1 ). The patients were classified with respect to age of diagnosis as (A1) ≤16 yr, (A2) 17-40 y, (A3)>40. Disease location was recorded at the time of the initial ICR. All of the patients had terminal ileal disease so patients were either classified as (L1) ileal disease with and without disease limited to the cecum or (L3) ileal disease with disease of the colon beyond the cecum. Upper small bowel disease (L4+) in addition to L1 or L3 is scored as a disease modifier. None of the patients had disease limited to the colon (L2). Disease behavior was recorded at the time of the initial ICR and at the second ICR as (B1) nonstricturing, nonpenetrating, (B2) stricturing, and (B3) penetrating intestinal disease. Perianal fistulizing disease (p+) was scored separately as a modifier of disease behavior. The presence or absence of a family history of IBD in a first or second-degree relative and a detailed smoking history at the time of the initial ICR and during the postoperative period was scored by reviewing the medical records and interviewing the patient. A smoker at the time of the initial ICR was defined as smoking ≥7 cigarettes per week for at least a year. During the postoperative period patients who stopped smoking for more than a year at the time of follow-up or at the time of the second resection were categorized as exsmokers. Patients who continued to 
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UNKART ET AL.: SURGICAL RECURRENCE OF ILEAL CROHN'S DISEASE smoke or began smoking at the time of follow-up or at the time of the second resection were categorized as smokers. The surgical approach was classified as either a laparoscopic-assisted or traditional open midline incision technique. In the vast majority of the cases, the ileocolic anastomosis was constructed using a stapled side-to-side functional end-to-end technique. The time of the initial ICR was recorded as the year of the surgery. The place of surgery was recorded as having taken place at the WUMC or at another facility. Finally, the prescription of 5-ASA compounds, immunomodulators (6-mercaptopurine, azathioprine, and methotrexate), or biologics (e.g., infliximab, adalimumab) during the postoperative period was recorded based on a review of the medical records and interviewing the patient.
Statistical Analysis
The outcome of interest was time from first ICR (ICR1) to second ICR (ICR2). The Kaplan-Meier (KM) method was used to estimate survival curves with the log-rank test to test for homogeneity of the survival functions across strata. The strata were defined by the (categorical) clinical variables of interest (described in previous section), including gender, race, age of diagnosis, disease location, UGI disease location 
RESULTS
Montreal Classification of Patients
The clinical variables for the patients included in this study are summarized in Tables 1 and 2 . Forty percent of 
Univariate Analysis of Categorical Clinical Variables
The median age of the patient at the time of ICR1 was 30 years and the median duration of disease prior to ICR1 was 3 years. The overall time to ICR2 and the effect of categorical variables were analyzed using the Kaplan-Meier method. The results of the log-rank tests for each categorical variable are presented in Table 3 . The overall predicted median time to ICR2 was 12 years. Univariate analysis identified two clinical variables associated with a decreased predicted time to ICR2, a family history of IBD, and smoking at the time of ICR1 ( Figs. 1 and 2) . One clinical variable, postoperative prescription of an immunomodulator ( Fig. 3) , was associated with an increased predicted time to ICR2.
Cox Proportional Hazards Model for Surgical
Recurrence after Initial ICR A stepwise backward elimination method was used to arrive at the final Cox proportional hazards model shown in Table 4 . In this model, a family history of IBD and smoking at time of ICR1 were significantly associated (P=0.016-0.023) with an increased risk of ICR2, while the postoperative prescription of immunomodulators was significantly associated with a decreased risk of ICR2 (P=0.022). The postoperative prescription of anti-TNFα biologics was also included in the model but its association with an increased risk of ICR2 did not reach significance (P=0.13). The P value for the final model was ∼0.003.
DISCUSSION
The major aim of this largely retrospective study was to identify the clinical variables that potentially impact the risk of postoperative recurrence of CD. In order to restrict the CD phenotype, this analysis focused on surgical recurrence of ileal disease as measured by the time between ICR1 and ICR2. We observed no effect of the Montreal classifications with respect to age of diagnosis, disease location, or disease behavior in this study. However, relatively few patients with childhood onset of CD and disease location extending beyond the ileocecal UNKART ET AL.: SURGICAL RECURRENCE OF ILEAL CROHN'S DISEASE region were included in this study. We observed no effect of disease behavior at the time of ICR1 on the risk of ICR2. This may be because disease behavior is not a static phenotype. 22 We noted that 32 of 53 patients that underwent more than one ICR exhibited a different disease behavior at ICR2 than they did at ICR1. The exclusion of patients that had an ileostomy placed at the time of ICR1 in this study, may have excluded patients with very severe penetrating disease (e.g., peritonitis).
Three clinical variables associated with an altered risk of undergoing ICR2 were identified by univariate analysis and confirmed by multivariate regression analysis. The first was a family history of IBD. Only two prior studies have investigated the relationship between family history of IBD and surgical recurrence. 15, 23 Ryan et al. reported that a family history increased the risk of perianastomotic recurrence in patients with ileocecal disease. 15 Chardavoyne et al. found no effect but analyzed the risk of surgical recurrence after both large and small bowel resections. 23 This observation supports the concept that genetic factors affect the risk of postoperative recurrence.
We confirmed multiple previous studies that smoking at the time of ICR1 was associated with an increased risk of ICR2, but did not detect any effect of postoperative smoking habit on the risk of ICR2. Only eight smokers at the time of ICR1 discontinued smoking immediately after surgery, making it difficult to assess whether smoking cessation reduces the risk of ICR2. Smoking has been associated with disease location in the small bowel, but the molecular basis for how smoking impacts CD pathogenesis is not well understood. 24 Postoperative prescription of immunomodulators, (e.g., 6-mercaptopurine, azathioprine, and methotrexate), was associated with a decreased risk of repeat ICR. This observation supports the concept that the postoperative maintenance therapy with these agents may prevent and/ or delay postoperative recurrence of CD after ICR1. [19] [20] [21] Multiple regression analysis showed borderline association of postoperative prescription of anti-TNFα biologics with an increased risk of second ICR. There are theoretic concerns that rapid mucosal healing with these biologics could result in excessive scar formation. 25 This could in turn lead to the formation of strictures, development of small bowel obstruction, and the need for surgical intervention. In this largely retrospective study, however, this observation may reflect treatment selection bias in prescribing the medication to CD patients who had already developed stricturing disease. 26 
CONCLUSIONS
Both a family history of IBD and smoking at the time of the ICR1 are associated with an increased risk of undergoing ICR2. Postoperative prescription of immunomodulators is associated with a reduced risk of surgical recurrence. This study supports the concept that both genetic and environmental factors influence the risk of surgical recurrence of ileal CD. 
